Anterior arthroscopic tibiotalar arthrodesis has been well codified. A posterior approach with the patient in prone position is indicated when the anterior approach is precluded by soft tissue issues or for a 1-step procedure associated with posterior subtalar fusion. In an anatomic study, we assessed the feasibility of posterior arthroscopic tibiotalar fusion and sought to determine the arthroscopy entry points, mortise cartilage freshening quality, and risk of osseous, tendinous, vascular, and neural complications. We mapped 22 zones of the fibular tibiotalar mortise from 10 specimens. Medial and lateral para-Achilles arthroscopic approaches were used, with a 4-mm arthroscope at 30
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Keywords: arthroscopy cadaveric safety tibiotalar fusion a b s t r a c t Anterior arthroscopic tibiotalar arthrodesis has been well codified. A posterior approach with the patient in prone position is indicated when the anterior approach is precluded by soft tissue issues or for a 1-step procedure associated with posterior subtalar fusion. In an anatomic study, we assessed the feasibility of posterior arthroscopic tibiotalar fusion and sought to determine the arthroscopy entry points, mortise cartilage freshening quality, and risk of osseous, tendinous, vascular, and neural complications. We mapped 22 zones of the fibular tibiotalar mortise from 10 specimens. Medial and lateral para-Achilles arthroscopic approaches were used, with a 4-mm arthroscope at 30 . For chondral resection, we used a motorized burr, curette, and osteotome. The entire plafond of the tibial mortise could be freshened in all cases, but the talar dome could be freshened in its entirety in only 20% of cases. In 80%, only the posterior two thirds could be treated, because the anterior portion descending to the neck of the talus was poorly accessible. More than 50% of the area of the malleolar grooves was freshened. One medial malleolar fracture and one posterior fibular artery lesion developed. Thus, the technique was shown to be feasible, if no frontal hindfoot deformity or tibiotalar equinus is present, which would prevent satisfactory resection of the posterior and anterior talar cartilage. The procedure allows for single-step associated subtalar fusion, requiring 2 complementary arthroscopic approaches, 1 cm distally.
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Ankle arthrodesis was first described by Albert in 1879 (1) and was first performed arthroscopically 1 century later, by Schneider in 1983. Arthroscopy reduces the rate of skin complications (2-4) and sepsis (5) (6) (7) (8) . The fusion rates have been 80% to 100% (8, 9) , comparable to those for open surgery, with apparently shorter consolidation times (10) . Arthroscopic anterior tibiotalar arthrodesis can be a first-line treatment if no frontal hindfoot deformity or severe equinus is present.
Sometimes, however, an anterior approach, even using arthroscopy, will be contraindicated by skin lesions, and certain investigators (11) have recommended posterior open surgery in such cases. Recently, Devos Bevernage et al (12) reported 3 cases of arthroscopic tibiotalar arthrodesis using a posterior approach.
The hypothesis of our study was that tibiotalar arthrodesis would be feasible using a posterior arthroscopic approach. We wished to validate the quality of the tibiotalar cartilage resection and determine the risk of osseous, tendinous, vascular, and neural complications.
Materials and Methods
The experiment was performed in a human anatomy laboratory with 10 specimens donated to science (7 amputated below and 3 above the knee) with a mean age at death of 72.5 (range 65 to 77) years. Seven right ankles (70%) and 3 left ankles (30%) were dissected from 6 males and 4 females. The instrumentation included a 4-mm arthroscope at 30 , 3.5-mm shaver, motorized burr, curved raspatories, arthroscopic forceps, curettes, and bone scissors.
The tibiofibular mortise cartilage to be freshened and the talar dome ( Fig. 1 ) were mapped, with 22 zones: 9 for the talar dome, 9 for the tibial mortise plafond, 2 for the joint between the medial malleolus and the medial talus facet, and 2 for the joint between the fibula and lateral talus facet. The specimens were required to allow positioning at 90 flexion without equinus. The tibial segment was placed in a vice, anterior side down, allowing the ankle to move freely (Fig. 2) .
Posteromedial and posterolateral para-Achilles approaches were performed 1 cm above the landmark provided by the tip of the lateral malleolus. The approach was thus shifted 1 cm proximally compared with that described by Van Dijk (13, 14) to explore the subtalar joint. Tibiotalar distraction was performed manually. The arthroscope was introduced through the posteromedial approach and the remaining instrumentation through the posterolateral approach. The posteromedial release did not extend beyond the flexor hallucis longus, and the lateral release was stopped at the fibular tendon sheath. The posterior capsule was resected using a shaver to optimize visualization of the posterior tibiotalar joint line and the medial and lateral grooves (Fig. 3) .
Osteophytes on the posterior margin of the tibia were resected (Fig. 4) , and then freshening was performed, using a burr, curette, and curved raspatory, forward from the back to progressively open and reach the most anterior part of the joint. The ankle was forced into dorsal flexion to reveal the most anterior parts of the talus. The resection depth was slightly more than one half the depth of the burr on either side to conserve sufficient bone stock and reach vascularized bone. The medial and lateral talomalleolar grooves were then freshened. After arthroscopic freshening, each ankle was dissected to screen for any vascular, neural, or tendinous lesions sustained during arthroscopy.
Anatomic identification focused on, first, the fibular artery and fibular tendons posterolaterally; second, the flexor hallucis longus tendon, posterior tibial tendon, flexor digitorum longus tendon, posterior tibial nerve, and posterior tibial artery posteromedially; and third, the dorsalis pedis artery, deep peroneal nerve, and anterior capsule rupture anteriorly. Each ankle was then disarticulated to map the freshening according to the tibiofibular mortise and talar cartilage zone (Fig. 5) .
Results
Talar dome freshening was complete in 2 cases, and in 8, it was complete in zones 1 to 6 and partial in zones 7 to 9 (Fig. 1) . The other zones of the tibial surface (zones 1 0 to 9 0 ) were completely freshened in all cases. More than 50% of the medial (M-M 0 ) and lateral (L-L 0 ) malleolar surfaces were systematically freshened. Fig. 6 shows the superimposition of the freshening maps for the 10 tali and the difficulty in accessing the anterior third (gray indicates the freshened zones, and white, the nonfreshened zones).
After dissection and disarticulation, the complications were as follows (Table) : 1 fibular artery lesion, 1 nondisplaced medial malleolar fracture, no Achilles tendon or flexor hallucis longus lesions, no posterior tibial pedicle lesions, and no lesions of the anterior capsule or anterior tibial vascular-neural bundle.
Discussion
Several investigators have used a posterior approach for arthroscopic ankle procedures (15, 16) , including posterior impingement, flexor hallucis longus synovectomy, os trigonum resection, and subtalar arthrodesis. Van Dijk et al (13) (14) (15) are the main contributors; Devos Bevernage et al (12) were the first to describe posterior arthroscopic supratalar and subtalar arthrodesis.
We set the medial and lateral para-Achilles approaches 1 cm above the horizontal landmark provided by the tip of the lateral malleolus. The first arthroscopic step should be resection of the posterior margin of the tibia, which will provide perfect visualization of the whole tibial mortise plafond. The tibial mortise plafond cartilage is easily resected using an osteotome. Talar dome resection should be performed with the foot held at a right angle. The cartilage of the posterior third of the talus can be resected using a curette and motorized burr. The mid-third, corresponding to the summit of the talar dome, is better resected using an osteotome. The anterior third, which is difficult to access (Fig. 6) , requires a curette, with the ankle held in dorsiflexion for direct visualization. Alternatively, if dorsiflexion is not possible, it can be resected "blind" using a curved curette, taking great care to not go beyond the anterior capsule.
The difficulty in resecting the anterior third of the talus has confirmed the need to restrict this operation to ankles free of secondary equinus, which was not discussed in the technical note reported by Devos Bevernage et al (12) . Resection of the anterior third requires a curved curette; the motorized burr must not be used because it will resect too much anterior talar bone tissue.
Our complications included a medial malleolus fracture, which some investigators have recommended performing systematically (10, 17) . In the present case, the fracture did not affect the tibiotalar alignment or hinder joint facet freshening. Systematically fracturing the medial malleolus does not seem indicated, because rotation of the free fragment would increase the risk of exposing vascular-neural elements behind the medial malleolus.
The present series was too small for statistical analysis of the complications. The vascular-neural elements concerned, however, were similar to those reported in studies of subtalar arthroscopy (8, 13, 14, 16, (18) (19) (20) (21) (22) , suggesting that the rate of complications should be very low, if the procedure is strictly para-Achilles. The only lesion in the present series (a fibular artery wound) was associated with an approach that was not strictly para-Achilles but had shifted laterally.
The internal fixation techniques were not assessed. Cross screwing appears feasible, with 1 descending medial tibiotalar cannulated screw and 1 descending lateral screw that can be either talofibular or tibiotalar if the cannulated screw passes in front of the malleoli. Ascending lateral talotibial screw fixation, however, would be more difficult owing to the prone position of the patient, preventing placement of a motor forward of the ankle. Similar to anterior arthroscopy, the posterior approach allows osteosynthesis using tibiotalar screws (23, 24) , a retrograde nail (12) , or an external fixator (24).
In conclusion, posterior arthroscopic tibiotalar fusion is not used in current practice but is available when an anterior approach is not possible or for simultaneous tibiotalar and posterior subtalar arthrodesis. The results of the present study have demonstrated the feasibility in the absence of tibiotalar equinus, which is also a prerequisite for anterior arthroscopy. Our anatomic study has confirmed that posterior arthroscopy enables satisfactory resection of the tibio-talofibular cartilage.
Posterior arthroscopy has the advantage compared with an anterior approach of providing a larger operative field: the distance between the cutaneous and osseous planes is 3 cm, rather than 1 cm with an anterior approach. This facilitates the introduction of mechanical and motorized instrumentation. First-intention posterior rather than anterior arthroscopy could be considered if validated in a prospective clinical series. 
